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(57) ABSTRACT 

Example embodiments of this invention relate to a method 
of making a thermally tempered coated article including a 
transparent conductive oxide (TCO) ?lm in a color com 
pression con?guration supported by a tempered glass sub 
strate. A coated article, that is thermally tempered and made 
by such a process, is also provided. Coated articles accord 
ing to certain example non-limiting embodiments of this 
invention may be used in applications such as solar cells, 
oven doors, electrostatic discharge glass, solar control Win 
doWs, defrosting WindoWs, or other types of WindoWs in 
certain example instances. 
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METHOD OF MAKING THERMALLY 
TEMPERED COATED ARTICLE WITH 
TRANSPARENT CONDUCTIVE OXIDE 

(TCO) COATING IN COLOR COMPRESSION 
CONFIGURATION, AND PRODUCT MADE 

USING SAME 

[0001] This invention relates to a method of making a 
thermally tempered coated article including a transparent 
conductive oxide (TCO) ?lm in a color compression con 
?guration supported by a tempered glass substrate. A coated 
article, that is thermally tempered and made by such a 
process, is also provided. Coated articles according to cer 
tain example non-limiting embodiments of this invention 
may be used in applications such as solar cells, oven doors, 
electrostatic discharge glass, solar control WindoWs, defrost 
ing WindoWs, or other types of WindoWs in certain example 
instances. 

BACKGROUND AND SUMMARY OF 
EXAMPLE EMBODIMENTS OF INVENTION 

[0002] Typically, methods of forming TCOs on glass 
substrates require high glass substrate temperatures. Such 
methods include chemical pyrolysis Where precursors are 
sprayed onto the glass substrate at approximately 400 to 500 
degrees C., and vacuum deposition Where the glass substrate 
is kept at about 150 to 300 degrees C. Unfortunately, TCO 
?lms such as SnO2:F (?uorine doped tin oxide) formed on 
glass substrates by chemical pyrolysis suffer from non 
uniformity and thus may be unpredictable and/or inconsis 
tent With respect to certain optical and/or electrical proper 
ties. 
[0003] Sputter deposition of a TCO (transparent conduc 
tive oxide) at approximately room temperature Would be 
desirable, given that most ?oat glass manufacturing plat 
forms are not equipped With in-situ heating systems. An 
additional potential advantage of sputter-deposited TCO 
?lms is that they may include the integration of anti 
re?ection coatings, resistivity reduction, and so forth. 
[0004] There is often a need to thermally temper coated 
articles having a glass substrate coated With a TCO ?lm/ 
coating. For instance, in certain applications tempering is 
required by code (e.g., e.g., for WindoWs over doorWays, for 
WindoWs identi?ed as breakable WindoWs for ?remen, and 
other applications). Thermal tempering typically requires 
heating the glass substrate With a coating thereon in a 
tempering furnace at a temperature of at least about 580 
degrees C., more preferably at least about 600 degrees C., 
and often at least about 620 or 640 degrees C. (e.g., for at 
least about 2 minutes, more preferably for at least about 5 
minutes). Thus, it Will be appreciated that thermal tempering 
involves very high temperatures. 
[0005] Unfortunately, it has been found that glass sub 
strates supporting sputter-deposited TCOs cannot be ther 
mally tempered Without the TCOs suffering a signi?cant loss 
in electrical conductivity. Glass tempering temperatures (see 
above) of typical sputter-deposited ?lms causes a rapid 
conductivity drop in certain TCOs (e.g., sputter-deposited 
Zinc oxide inclusive TCOs). 
[0006] Thus, it Will be appreciated that there exists a need 
in the art for an improved technique or method of tempering 
glass substrates including a ?lm/coating thereon that can 
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result in an effective and/or e?icient tempered glass sub 
strate With a TCO ?lm thereon. 

[0007] Single layer TCO coatings With large thicknesses 
(e.g., at least about 2,000 A thick) formed directly on and 
contacting glass substrates may also be problematic in 
certain instances in that they may suffer from signi?cant 
color non-uniformity. For instance, such a coated article may 
appear one color (e.g., roughly green) in transmission When 
looking through the coated article, but may appear reddish 
or pinkish in color When vieWing that coated article based on 
re?ective color at high vieWing angles. As another example, 
such a coated article may have a fairly neutral re?ective 
color at a Zero degree (normal) vieWing angle, but may 
appear very reddish at a 45 degree vieWing angle. In other 
Words, such coated articles With single layer TCO coatings 
With large thicknesses may suffer from signi?cant angular 
color dependence problems. 
[0008] Thus, it Will be appreciated that there exists a need 
in the art for an improved technique or method of tempering 
glass substrates including a ?lm/coating thereon that can 
result in an effective and/or e?icient tempered glass sub 
strate With a TCO ?lm thereon, Which does not suffer from 
extreme color non-uniformity. 

[0009] In certain example embodiments of this invention, 
a method is provided for making a thermally tempered 
coated article including a tempered glass substrate With a 
TCO ?lm thereon. Initially, color compression system 
including at least ?rst and second layers is deposited by 
sputtering or the like, on a non-tempered glass substrate. In 
certain example embodiments, the ?rst layer of the color 
compression system is a high index (n) layer and is depos 
ited directly on and contacting the glass substrate, and the 
second layer of the color compression system is a loW index 
(n) layer that is deposited on the glass substrate over the ?rst 
layer. After the ?rst and second layers of the color compres 
sion system have been deposited on the glass substrate, an 
amorphous metal oxide ?lm is sputter-deposited onto the 
non-tempered glass substrate over the layers of the color 
compression system. In certain example embodiments, the 
sputter-deposited amorphous metal oxide ?lm may be of or 
include an oxide of Sn and/or Sb (e.g., SnOxzSb). As 
sputter-deposited, the amorphous metal oxide ?lm is rather 
high With respect to visible light absorption, has a high sheet 
resistance (i.e., not truly conductive), and is amorphous. 
[0010] Then, the glass substrate With the amorphous ?lm 
and the color compression system thereon is thermally 
tempered. The thermal tempering typically involves heating 
the glass substrate With the amorphous ?lm and the color 
compression system thereon in a tempering furnace at a 
temperature of at least about 580 degrees C., more prefer 
ably at least about 600 degrees C., and often at least about 
620 or 640 degrees C. The glass substrate With the layers 
thereon may be in the tempering fumace for at least about 2 
minutes, more preferably for at least about 5 minutes, in 
certain example embodiments of this invention. The thermal 
tempering causes at least the amorphous non-conductive 
?lm to be transformed into a crystalline transparent conduc 
tive oxide (TCO) ?lm. In other Words, the heat used in the 
thermal tempering of the glass substrate causes the amor 
phous ?lm to turn into a crystalline ?lm, causes the visible 
transmission of the ?lm to increase, and causes the ?lm to 
become electrically conductive. In short, the thermal tem 
pering activates at least the top layer of the layer stack. 
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[0011] The color compression system, including the ?rst 
and second layers thereof, provided betWeen the glass sub 
strate and the TCO ?lm reduces color non-uniformity char 
acteristics of the coated article compared to if the color 
compression system Were not present. For example, in 
certain example embodiments of this invention, the color 
compression system permits the coated article to realiZe a 
more uniform and more consistent color at both normal and 
off-axis vieWing angles, even in the situation Where a rather 
thick (e.g., from about 1,000 to 10,000 A thick, more 
preferably from about 2,000 to 10,000 A thick, and most 
preferably from about 3,000 to 8,000 A thick) TCO is the top 
layer of the layer stack. In general, a more neutral colored 
coated article can be provided. 

[0012] In certain example embodiments of this invention, 
the amorphous ?lm prior to tempering and the crystalline 
TCO (e.g., the top layer of the layer stack) folloWing 
tempering may be of or include SnOx:Sb (x may be from 
about 0.5 to 2, more preferably from about 1 to 2, and 
sometimes from about 1 to 1.95). The ?lm may be oxygen 
de?cient (substoichiometric in certain instances). The Sn 
and Sb may be co-sputtered in an oxygen inclusive atmo 
sphere (e.g., a mixture of oxygen and argon) to form the ?lm 
in certain example embodiments of this invention, With the 
Sb being provided to increase conductivity of the crystalline 
?lm folloWing tempering. In certain example embodiments, 
the Sb is provided for doping purposes, and can make up 
from about 0.001 to 30% (Weight %) of the amorphous 
and/or crystalline metal oxide ?lm (from preferably from 
about 1 to 15%, With an example being about 8%). If the Sb 
content is higher than this, the lattice is disturbed too much 
and mobility of electrons is also disturbed thereby hurting 
conductivity of the ?lm, Whereas if less than this amount of 
Sb is provided then the conductivity is not as good in the 
crystalline ?lm. 
[0013] In certain example embodiments of this invention, 
there is provided a method of making a thermally tempered 
coated article including a transparent conductive ?lm on a 
tempered glass substrate, the method comprising: providing 
a glass substrate; sputter-depositing a high index layer 
having a high refractive index on the glass substrate, and 
then sputter-depositing a loW index layer having a loW 
refractive index on the glass substrate over at least the high 
index layer; after the high index layer and the loW index 
layer have been sputter-deposited on the glass substrate, 
sputter-depositing an amorphous ?lm on the glass substrate 
over each of the high index layer and the loW index layer; 
thermally tempering the glass substrate With the amorphous 
?lm, the loW index layer, and the high index layer thereon; 
and Wherein heat used in said tempering causes at least the 
amorphous ?lm to transform into a crystalline ?lm, and 
Wherein the crystalline ?lm is transparent to visible light and 
electrically conductive folloWing said tempering. The color 
compression system may be made up of at least the high and 
loW index layers. 
[0014] In other example embodiments of this invention, 
there is provided a method of making a thermally tempered 
coated article including a transparent conductive ?lm on a 
tempered glass substrate, the method comprising: providing 
a glass substrate; forming a high index layer having a high 
refractive index on the glass substrate, and a loW index layer 
having a loW refractive index on the glass substrate over at 
least the high index layer; after the high index layer and the 
loW index layer have been formed, forming an amorphous 
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?lm comprising a metal oxide on the glass substrate over 
each of the high index layer and the loW index layer; 
thermally tempering the glass substrate With the amorphous 
?lm, the loW index layer, and the high index layer thereon; 
and Wherein heat used in said tempering causes at least the 
amorphous ?lm to transform into a ?lm Which is substan 
tially transparent and electrically conductive. 
[0015] In still further example embodiments of this inven 
tion, there is provided a coated article comprising: a ther 
mally tempered glass substrate; a high index layer having a 
high refractive index provided on the glass substrate, and a 
loW index layer having a loW refractive index provided on 
the glass substrate over at least the high index layer; and a 
crystalline transparent conductive ?lm comprising a metal 
oxide supported by at least the tempered glass substrate and 
provided over at least the high index layer and the loW index 
layer, Wherein the crystalline transparent conductive ?lm 
comprises an oxide of Sn and Sb. 
[0016] In certain example embodiments of this invention, 
there is provided a method of making a thermally tempered 
coated article including a transparent conductive ?lm on, 
directly or indirectly, a tempered glass substrate, the method 
comprising: providing a glass substrate; sputter-depositing 
an amorphous ?lm comprising Sn and Sb on the glass 
substrate (directly or indirectly); thermally tempering the 
glass substrate With the amorphous ?lm comprising Sn and 
Sb thereon; and Wherein heat used in said tempering causes 
the amorphous ?lm to transform into a crystalline ?lm, and 
Wherein the crystalline ?lm is transparent to visible light and 
electrically conductive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1(a) is a ?owchart illustrating a method of 
making a thermally tempered coated article according to an 
example embodiment of this invention. 
[0018] FIG. 1(b) is a schematic diagram illustrating the 
method of FIG. 1(a) using cross sectional vieWs according 
to an example embodiment of this invention. 
[0019] FIG. 2 is a ?owchart illustrating a general method 
of making a thermally tempered coated article according to 
another example embodiment of this invention. 

DETAILED DESCRIPTION OF EXAMPLE 
EMBODIMENTS OF THE INVENTION 

[0020] Coated articles including conductive layer(s) 
according to certain example non-limiting embodiments of 
this invention may be used in applications such as solar 
cells, oven doors, defrosting WindoWs, electrostatic dis 
charge glass, display applications, solar control WindoWs, or 
other types of WindoWs in certain example instances. For 
example and Without limitation, the transparent conductive 
layers discussed herein may be used as electrodes in solar 
cells, as heating layers in defrosting WindoWs, as solar 
control layers in WindoWs, as re?ective layers in oven doors, 
and/or the like. 
[0021] FIG. 1(a) is a ?oWchart illustrating certain steps 
performed in making a coated article according to an 
example embodiment of this invention, Whereas FIG. 1(b) 
illustrates this example embodiment in terms of a cross 
sectional schematic vieW. 
[0022] Referring to FIGS. 1(a)-1(b), an example of this 
invention Will be described. Initially, a color compression 
system (C) including at least ?rst and second layers (2a and 



US 2007/0275252 A1 

2b) is deposited by sputtering or the like, on a non-tempered 
glass substrate 1 (S1 in FIG. 1(a)). In certain example 
embodiments, the ?rst layer 211 of the color compression 
system C is a high index (n) layer and is deposited directly 
on and contacting the glass substrate 1, and the second layer 
2b of the color compression system C is a loW index (n) layer 
that is deposited on the glass substrate 1 over the ?rst layer 
211. 

[0023] In certain example embodiments of this invention, 
the ?rst layer 211 of the color compression system C has a 
high refractive index (“n” in the range of from 400-700 nm) 
of from about 1.7 to 2.4 (more preferably from about 1.8 to 
2.2) and a thickness (d) of from about 100 to 500 A, With 
example values being n equals about 1.85 and d equals about 
300 A. In like certain example embodiments of this inven 
tion, the second layer 2b of the color compression system C 
has a loW refractive index (“n” in the range of from 400-700 
nm) of from about 1.3 to 1.6 (more preferably from about 
1.35 to 1.45) and a thickness (d) of from about 100 to 500 
A, With example values being n equals about 1.4 and d 
equals about 220 A. In any event, the second layer 2b of the 
color compression system C has a loW refractive index (n) 
than does the ?rst layer 211 of the color compression system. 
[0024] For purposes of example and Without limitation, 
example materials Which may be used for making the ?rst 
high index layer 211 of the color compression system include 
tin oxide, Zinc oxide, indium-tin-oxide, titanium oxide, and 
silicon oxynitride tuned to have a high index (11); these 
materials may be sputter-deposited on the glass substrate 1. 
The ?rst high index layer 211 may or may not be a TCO in 
different example embodiments of this invention. When the 
?rst high index layer 211 is made of titanium oxide (e.g., 
TiO2) for example, it need not be a TCO and instead is 
typically a dielectric layer. HoWever, in an alternative 
embodiment Where the ?rst high index layer 211 is made of 
indium-tin-oxide (ITO), it may be a TCO. In another 
example embodiment, the ?rst high index layer 211 may 
initially be sputter-deposited an as amorphous layer of or 
including oxide(s) of Sn and/or Sb on the glass substrate, 
and then thermal tempering of the glass substrate With the 
amorphous layer thereon may cause the amorphous ?lm 2a 
to transform into a crystalline TCO ?lm. For purposes of 
example and Without limitation, silica (e.g., SiO2) is an 
example material Which may be used for making the second 
loW index layer 2b of the color compression system C in 
certain example embodiments of this invention, although 
other loW index materials may instead be used. 

[0025] After the ?rst and second layers (2a and 2b) of the 
color compression system C have been sputter-deposited on 
the glass substrate 1, an amorphous metal oxide ?lm 3 is 
sputter-deposited onto the non-tempered glass substrate 1 
(S2 in FIG. 1(a)). Note that it is possible that other layer(s) 
may additionally be provided on the substrate 1 under ?lm 
3 in certain instances. The ?lm 3 is considered “on” and 
“supported by” the substrate 1 regardless of Whether other 
layer(s) are provided therebetWeen. In certain example 
embodiments, the sputter-deposited amorphous metal oxide 
?lm 3 may be of or include an oxide of Sn and/or Sb (e.g., 
SnOxzSb). As sputter-deposited, the metal oxide ?lm 3 may 
have a visible light transmission of less than 70%, may have 
a rather high sheet resistance (i.e., not be truly conductive), 
and may be amorphous. In certain example embodiments, a 
Sn and/or Sb sputtering target(s) may be used to sputter the 
?lm 3 on the substrate in a sputtering atmosphere including 
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argon and oxygen gas. In certain example embodiments of 
this invention, the amorphous ?lm 3 may have an index (n) 
of from about 1.8 to 2.2, and may be from about 1,000 to 
10,000 A thick, more preferably from about 2,000 to 10,000 
A thick, and most preferably from about 3,000 to 8,000 A 
thick (the ?lm 3' folloWing HT may also have such a 
thickness and refractive index). 
[0026] After the ?lm 3 has been deposited, the glass 
substrate 1 With the amorphous ?lm 3 and the color com 
pression system (211, 2b) thereon is thermally tempered (S3 
in FIG. 1(a)). The thermal tempering typically involves 
heating the glass substrate 1 With the color compression 
system (211, 2b) and the amorphous ?lm 3 thereon in a 
tempering furnace at a temperature of at least about 580 
degrees C., more preferably at least about 600 degrees C., 
and often at least about 620 or 640 degrees C. The glass 
substrate 1 With at least the layers 2a, 2b and 3 thereon may 
be in the tempering furnace for at least about 2 minutes, 
more preferably for at least about 5 minutes, in certain 
example embodiments of this invention. The heat used 
during the thermal tempering causes the amorphous non 
conductive ?lm 3 to be transformed into a crystalline 
transparent conductive oxide (TCO) ?lm 3' (S4 in FIG. 
1(a)). In other Words, the heat used in the thermal tempering 
of the glass substrate 1 causes at least the amorphous ?lm 3 
to turn into a crystalline ?lm 3', causes the visible transmis 
sion of the ?lm to increase (e.g., to a level above 70%), and 
causes the ?lm to become electrically conductive. In short, 
the thermal tempering activates the ?lm so that TCO ?lm 3' 
is provided, typically as the outermost or uppermost layer of 
the coating, folloWing the tempering. 
[0027] In certain example embodiments, the thermal tem 
pering causes the visible transmission of the ?lm 3 to 
increase by at least about 5%, more preferably by at least 
about 10%. In certain example embodiments, the thermal 
tempering causes the sheet resistance (RS) of the ?lm 3 to 
drop by at least about 20 ohms/ square, more preferably by 
at least about 50 ohms/square, and most preferably by at 
least about 100 ohms/square. Electrical conductivity can be 
measured in terms of sheet resistance (RS). The TCO ?lms 
3' discussed herein (folloWing the tempering) have a sheet 
resistance (RS) of no greater than about 200 ohms/square, 
more preferably no greater than about 100 ohms/ square, and 
most preferably from about 5-100 ohms/square. In certain 
example embodiments, conductivity can be caused by cre 
ating nonidealities or point defects in crystal structure of a 
?lm to generate electrically active levels thereby causing its 
sheet resistance to drop signi?cantly into the range discussed 
above. This can be done by using an oxygen de?cient 
atmosphere during crystal groWth and/or by doping (e.g., 
With Sb). 
[0028] It is noted that folloWing tempering, the layers 2a‘ 
and 2b' of the color compression system C are typically 
dielectric layers. For instance, in the case Where titanium 
oxide Was used as layer 2a, folloWing tempering layer 2a‘ is 
of titanium oxide (e.g., TiO2) and is a dielectric. LikeWise, 
in the case Where silicon oxide (Which may be doped With 
Al or the like) Was used as loW index layer 2b, folloWing 
tempering layer 2b' is still primarily of silicon oxide (e.g., 
SiO2) and is a dielectric. HoWever, in an alternative embodi 
ment, the ?rst high index layer 211 may be made of indium 
tin-oxide (ITO), and may still be made primarily of ITO after 
thermal tempering (layer 2a‘) and be a TCO before and/or 
after tempering. In yet another example embodiment, the 
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?rst high index layer 211 may initially be sputter-deposited an 
as amorphous layer of or including oxide(s) of Sn and/or Sb 
(e.g., in an oxygen and argon gas atmosphere) on the glass 
substrate, and then thermal tempering of the glass substrate 
With the amorphous layer thereon may cause the amorphous 
layer 211 to transform into a crystalline TCO layer 211’. 

[0029] After the glass substrate 1' With the layer stack 
thereon exits the tempering furnace, the glass 1 is permitted 
to cool in a knoWn manner thereby resulting in the thermal 
tempering thereof and thus a thermally tempered glass 
substrate 1' With a layer stack (211', 2b‘ and 3') thereon. Thus, 
a thermally tempered glass substrate 1' has been provided 
With at least one TCO ?lm 3' thereon. In certain example 
embodiments, the TCO ?lm 3' is the outermost layer of the 
layer stack on the tempered glass substrate 1'. The tempered 
coated article may then be used in monolithic WindoW 
applications, oven door applications, IG WindoW unit appli 
cations, solar cells, heatable WindoW applications, or the 
like. The TCO 3' may function as a heatable layer/coating 
(When voltage is applied thereacross) in certain applications 
such as heatable WindoW applications, or alternatively may 
function as a heat or IR blocking layer/coating in applica 
tions such as oven doors, or alternatively may function as an 
electrode in applications such as solar cell applications. In 
certain example embodiments of this invention, the coated 
article before and/or after tempering has a visible transmis 
sion of at least about 30%, more preferably of at least about 
50%, and even more preferably of at least about 70%. 

[0030] In the ?nal tempered product, the color compres 
sion system, including the ?rst and second layers 2a‘ and 2b‘ 
thereof, provided betWeen the glass substrate 1' and the TCO 
?lm 3' reduces color non-uniformity characteristics of the 
coated article compared to if the color compression system 
Were not present. For example, in certain example embodi 
ments of this invention, the color compression system per 
mits the coated article to realiZe a more uniform and more 
consistent color at both normal and off-axis vieWing angles, 
even in the situation Where a rather thick (e. g., from about 
1,000 to 10,000 A thick, more preferably from about 2,000 
to 10,000 A thick, and most preferably from about 3,000 to 
8,000 A thick) TCO ?lm 3' is the top layer of the layer stack. 
In general, a more neutral colored coated article can be 
provided. 
[0031] In certain example embodiments of this invention, 
the amorphous metal oxide ?lm 3 prior to tempering and the 
crystalline TCO ?lm 3' folloWing tempering may be of or 
include SnOxzSb (x may be from about 0.5 to 2, more 
preferably from about 1 to 2, and sometimes from about 1 
to 1.95). The ?lm may be oxygen de?cient in certain 
example embodiments (substoichiometric in certain 
instances). The Sn and Sb may be co-sputtered in an oxygen 
inclusive atmosphere (e.g., a mixture of oxygen and argon) 
to form the amorphous metal oxide ?lm 3 in certain example 
embodiments of this invention, With the Sb being provided 
to increase conductivity of the crystalline ?lm folloWing 
tempering. The co-sputtering to form metal oxide ?lm 3 may 
be performed by sputtering a ceramic target(s) of SnSbO,C in 
certain example embodiments of this invention (e.g., in a 
gaseous atmosphere include argon and/or oxygen gas); or 
alternatively the co-sputtering may be performed by sput 
tering a SnSb target(s) in an atmosphere including argon, 
oxygen and possibly ?uorine gases. In certain example 
embodiments, the Sb is provided for doping purposes, and 
can make up from about 0.001 to 30% (Weight %) of the 
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amorphous and/or crystalline metal oxide ?lm (from pref 
erably from about 1 to 15%, With an example being about 
8%). If the Sb content is higher than this, the lattice is 
disturbed too much and mobility of electrons is also dis 
turbed thereby hurting conductivity of the ?lm, Whereas if 
less than this amount of Sb is provided then the conductivity 
is not as good in the crystalline ?lm. In certain example 
embodiments of this invention, the amorphous 3 and/or 
crystalline ?lm 3' has a Sn content of from about 20-95%, 
more preferably from about 30-80%. It is also possible from 
amounts of aluminum to be used in the ?lm 3, 3'. 
[0032] While the TCO ?lm 3' in the FIG. 1(a)-1(b) 
embodiments may be made of an oxide of Sn:Sb, this 
invention is not so limited. For example and Without limi 
tation, the TCO ?lm 3' may be any of the TCO ?lms 
described in any of US. Ser. Nos. 11/194,730, 11/173,157, 
or 11/349,346, the disclosures of all of Which are hereby 
incorporated herein by reference. In this respect, FIG. 2 is a 
more generaliZed ?owchart illustrating an example embodi 
ment of this invention. Initially, in step SS1, a color com 
pression system including at least a high index layer (e.g., 
2a) and a loW index layer (e.g., 2b) is deposited, such as by 
sputtering, on a glass substrate 1. A ?lm to be a TCO is then 
deposited on the color compression system, via sputtering or 
the like. The ?lm to be the TCO may or may not be a TCO 
as initially deposited. Then, in step SS2, the coated article 
With the color compression system and the ?lm to be the 
TCO thereon is heat treated for thermal tempering. FolloW 
ing tempering, the coated article includes the color com 
pression system including at least a high index layer (e.g., 
2a‘) and a loW index layer (e.g., 2b‘), and a TCO ?lm 3' of 
any suitable TCO material on the tempered glass substrate 1' 
(see step SS3 in FIG. 2). 
[0033] While the invention has been described in connec 
tion With What is presently considered to be the most 
practical and preferred embodiment, it is to be understood 
that the invention is not to be limited to the disclosed 
embodiment, but on the contrary, is intended to cover 
various modi?cations and equivalent arrangements included 
Within the spirit and scope of the appended claims. More 
over, it is possible to form other layer(s) over the ?lm 3 (or 
3') in certain example embodiments of this invention. In 
certain example embodiments, an anti-re?ection coating 
may be provided on top of the layer 3 (or 3'). In other 
example embodiments of this invention, the Sb may be 
omitted from ?lm 3 and/or 3', or another dopant(s) may be 
used instead of or in addition to the Sb in the ?lm. 

1. A method of making a thermally tempered coated 
article including a transparent conductive ?lm on a tempered 
glass substrate, the method comprising: 

providing a glass substrate; 
sputter-depositing a high index layer having a high refrac 

tive index on the glass substrate, and then sputter 
depositing a loW index layer having a loW refractive 
index on the glass substrate over at least the high index 
layer; 

after the high index layer and the loW index layer have 
been sputter-deposited on the glass substrate, sputter 
depositing an amorphous ?lm on the glass substrate 
over each of the high index layer and the loW index 
layer; 

thermally tempering the glass substrate With the amor 
phous ?lm, the loW index layer, and the high index 
layer thereon; and 
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wherein heat used in said tempering causes at least the 
amorphous ?lm to transform into a crystalline ?lm, and 
Wherein the crystalline ?lm is transparent to visible 
light and electrically conductive following said tem 
pering. 

2. The method of claim 1, Wherein the amorphous ?lm 
comprises at least an oxide of Sn and Sb, and Wherein 
folloWing the tempering the crystalline ?lm comprises an 
oxide of Sn and Sb. 

3. The method of claim 1, Wherein the crystalline ?lm 
comprises an oxide of Sn and Sb. 

4. The method of claim 1, Wherein the loW index layer has 
a refractive index of from about 1.3 to 1.6, and the high 
index layer has a refractive index of from about 1.7 to 2.4. 

5. The method of claim 1, Wherein the loW index layer has 
a refractive index of from about 1.35 to 1.45, and the high 
index layer has a refractive index of from about 1.8 to 2.2. 

6. The method of claim 1, Wherein each of the loW index 
layer and the high index layer have a thickness of from about 
100 to 500 angstroms. 

7. The method of claim 1, Wherein the loW index layer 
comprises an oxide of silicon. 

8. The method of claim 1, Wherein the high index layer 
comprises at least one of titanium oxide, tin oxide, and Zinc 
oxide. 

9. The method of claim 1, Wherein folloWing the temper 
ing the loW index layer is a dielectric layer, and the high 
index layer is a dielectric layer or a transparent conductive 
layer. 

10. The method of claim 1, Wherein folloWing the tem 
pering the loW index layer is a dielectric layer, and the high 
index layer is a transparent conductive layer. 

11. The method of claim 1, Wherein after the tempering 
the loW index layer is located betWeen and directly contact 
ing each of the high index layer and the crystalline ?lm. 

12. The method of claim 1, Wherein the heat used in said 
tempering causes sheet resistance of the ?lm to decrease by 
at least about 20 ohms/ square. 

13. The method of claim 1, Wherein the heat used in said 
tempering causes sheet resistance of the ?lm to decrease by 
at least about 50 ohms/ square. 

14. The method of claim 1, Wherein the crystalline ?lm 
has a sheet resistance of no greater than about 200 ohms/ 
square. 

15. The method of claim 1, Wherein the crystalline ?lm 
has a sheet resistance of no greater than about 100 ohms/ 
square. 

16. The method of claim 1 Wherein the crystalline ?lm 
comprises an oxide of Sn, and Wherein Sb content of the 
crystalline ?lm is from about 0.001 to 30%. 

17. The method of claim 1 Wherein the crystalline ?lm 
comprises an oxide of Sn, and Wherein Sb content of the 
crystalline ?lm is from about 1 to 15%. 
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18. The method of claim 1, Wherein the crystalline ?lm 
comprises SnOxzSb and is at least about 70% transparent to 
visible light. 

19. The method of claim 1, Wherein folloWing tempering 
the coated article has a visible transmission of at least about 
70%. 

20. A method of making a thermally tempered coated 
article including a transparent conductive ?lm on a tempered 
glass substrate, the method comprising: 

providing a glass substrate; 
forming a high index layer having a high refractive index 

on the glass substrate, and a loW index layer having a 
loW refractive index on the glass substrate over at least 
the high index layer; 

after the high index layer and the loW index layer have 
been formed, forming an amorphous ?lm comprising a 
metal oxide on the glass substrate over each of the high 
index layer and the loW index layer; 

thermally tempering the glass substrate With the amor 
phous ?lm, the loW index layer, and the high index 
layer thereon; and 

Wherein heat used in said tempering causes at least the 
amorphous ?lm to transform into a ?lm Which is 
substantially transparent and electrically conductive. 

21. The method of claim 20, Wherein the crystalline ?lm 
comprises an oxide of Sn and Sb. 

22. The method of claim 20, Wherein the loW index layer 
has a refractive index of from about 1.3 to 1.6, and the high 
index layer has a refractive index of from about 1.7 to 2.4. 

23. A coated article comprising: 
a thermally tempered glass substrate; 
a high index layer having a high refractive index provided 

on the glass substrate, and a loW index layer having a 
loW refractive index provided on the glass substrate 
over at least the high index layer; and 

a crystalline transparent conductive ?lm comprising a 
metal oxide supported by at least the tempered glass 
substrate and provided over at least the high index layer 
and the loW index layer, Wherein the crystalline trans 
parent conductive ?lm comprises an oxide of Sn and 
Sb. 

24. The coated article of claim 23, Wherein the transparent 
conductive ?lm has an Sb content of from about 0.001 to 
30% 

25. The coated article of claim 23, Wherein the transparent 
conductive ?lm has an Sb content of from about 1 to 15%. 

26. The coated article of claim 23, Wherein the transparent 
conductive ?lm has a sheet resistance of no greater than 
about 100 ohms/ square and a visible transmission of at least 
about 70%. 


